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A B S T R A C T

Objective: Hydroxychloroquine has been proposed as a primary prophylactic agent against coronavirus
disease 2019 (COVID-19). This study aimed to investigate if patients treated with hydroxychloroquine for
a non-COVID-19 indication had a lower risk of verified infection with severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) compared with matched controls.
Methods: A cohort comprising all persons in Denmark collecting hydroxychloroquine prescriptions in
2020 and 2019 (i.e., both during and before SARS-CoV-2 was confirmed in Denmark), matched by age and
sex with controls, was studied. Data were collected using the Danish national registries, which contain
complete information on patient health data, prescriptions and microbiological test results. The main
outcome was microbiologically verified SARS-CoV-2 infection.
Results: In total, 5488 hydroxychloroquine users were matched with 54,486 non-users. At baseline, the
groups differed in terms of diagnoses of pulmonary disease, cardiovascular disease, renal disease,
gastrointestinal/metabolic disease and dementia, as well as treatment with antirheumatic drugs. The
final model was adjusted for these potential confounders. Use of hydroxychloroquine for non-COVID-19
indications was not associated with any change in confirmed SARS-CoV-2 (hazard ratio 0.90, 95%
confidence interval 0.76–1.07). This result was robust in the propensity-score-matched sensitivity
analysis.
Conclusion: This study, which is the largest to date to investigate the primary prophylactic effect of
hydroxychloroquine against SARS-CoV-2, does not support any prophylactic benefit of hydroxychlor-
oquine in the prevention of infection with SARS-CoV-2.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Chloroquine and hydroxychloroquine have been shown to be
n-vitro inhibitors of severe acute respiratory syndrome coronavi-
us-2 (SARS-CoV-2) in infected Vero cells (Liu et al., 2020; Wang
t al., 2020; Yao et al., 2020). This contributed to the hypothesis
hat such drugs could be used as prophylaxis for SARS-CoV-2
nfection and for treatment of patients with coronavirus disease
019 (COVID-19). Hydroxychloroquine is used for long-term
reatment of several rheumatic diseases; it has a favourable safety
rofile (Ruiz-Irastorza et al., 2010; Ponticelli and Moroni, 2017) and

 low cost (Ponticelli and Moroni, 2017), which is a key point when
acing a pandemic.

Five randomized clinical trials have demonstrated a neutral
ffect of treatment with hydroxychloroquine in hospitalized
atients with COVID-19 (Abd-Elsalam et al., 2020; Group et al.,
020; Self et al., 2020; Tang et al., 2020; WHO Solidarity Trial
onsortium et al., 2020). Additionally, three randomized clinical
rials reported no benefit of hydroxychloroquine as a postexposure
rophylactic agent; two of these trials were against COVID-19
Boulware et al., 2020; Mitjà et al., 2020) and the latter was against
olymerase chain reaction (PCR)-verified SARS-CoV-2 infection
Barnabas et al., 2020).

Hydroxychloroquine has likewise been explored as a primary
rophylactic agent against COVID-19 by two randomized trials
Abella et al., 2020; Rajasingham et al., 2020). However, both were
topped too early to reach a firm conclusion.
Currently, four epidemiological studies investigating the

rimary prophylactic effect of hydroxychloroquine for SARS-
oV-2 infection have been identified (Gendelman et al., 2020;
ung et al., 2020; Bae et al., 2021; Ferreira et al., 2021). Three of
hese studies reported no effect (Gendelman et al., 2020; Jung
t al., 2020; Bae et al., 2021), and the largest study reported a
educed risk of SARS-CoV-2 for persons with chronic hydroxy-
hloroquine use (Ferreira et al., 2021). A recent meta-analysis
oncluded that there is a need for further evidence on the use of
ydroxychloroquine for prophylaxis of COVID-19 (Singh et al.,
021).
This large population-based cohort study, with substantial-

y more events than previously published studies, investigated
hether persons treated with hydroxychloroquine prior
o the pandemic had a lower risk of PCR-confirmed SARS-
oV-2 infection compared with age- and sex-matched
ontrols.

ethods

tudy data

A cohort study was conducted based on nationwide Danish
egistry data. Data were collected from four registries: (i) the
anish National Patient Registry, which contains information on
ll admissions to Danish hospitals and hospital outpatient
pecialist clinic visits (Schmidt et al., 2015); (ii) the National
rescription Registry, which contains information on all
rescriptions dispensed in Danish pharmacies [coded according
o the Anatomical Therapeutic Chemical (ATC) classification
ystem] (Pottegard et al., 2017); (iii) the Danish Central Personal
egistry, which contains information on citizens of Denmark
e.g., age, sex and vital status) (Schmidt et al., 2014); and (iv) the

Study population

All patients residing in Denmark who collected a prescription
for hydroxychloroquine (ATC P01BA02) in both 2020 and 2019 (i.e.,
initiated treatment before the pandemic emerged in Denmark)
were included in the study. This approach was used to eliminate
any impact of hydroxychloroquine use in attempts to treat COVID-
19. Each recipient was matched randomly by birth year and sex
with up to 10 non-treated controls by the Danish Health Data
Authority. Information about comorbidities was obtained from the
Danish National Patient Registry. Comorbidities were collected as
classified in the Charlson comorbidity index (Quan et al., 2005).
Grouping of comorbidities was performed as follows. Cardiovas-
cular disease included heart failure, ischaemic heart disease,
cerebrovascular disease and peripheral vascular disease. Gastroin-
testinal and metabolic disease included diabetes with and without
complications; mild-, moderate- and severe liver disease; and
peptic ulcer disease. Cancer included any malignancy (except
malignant neoplasm of skin) and solid metastatic tumours.
Pulmonary disease was defined in accordance with the Charlson
comorbidity index, with interstitial pulmonary diseases also
included. Comorbidities included in this study and their grouping
are illustrated in Table S1 (see online Supplementary material).
Only comorbidities or groups of comorbidities with prevalence
among the study population �5% were included in this study.

Diagnoses of ventricular tachycardia, ventricular fibrillation
and Torsades de Pointes tachycardia were collected to assess safety.

All subjects were linked to the National Prescription Registry to
obtain information on the pharmaceuticals used for outpatient
treatment of rheumatoid arthritis and systemic lupus erythema-
tosus in Denmark (ATC code): hydroxychloroquine (P01BA02),
methotrexate (L04AX03), sulfasalazine (A07EC01), systemic corti-
costeroids (H02AB), ciclosporin (L04AD01) and azathioprine
(L04AX01).

All subjects were linked to the Danish Microbiology Database in
order to access their positive SARS-CoV-2 test results.

The observation time commenced at the time of the first
confirmed case of SARS-CoV-2 in Denmark (27 February 2020), and
lasted until either (i) time of laboratory-confirmed SARS-CoV-2
infection; (ii) death; or (iii) end of follow-up (30 April 2021),
whichever came first.

Intervention

Hydroxychloroquine was the intervention investigated. To
avoid bias, users of the drug in both 2019 and 2020 were analysed.
Additionally, controls who started hydroxychloroquine in 2020
were excluded (n = 11).

Outcomes

The primary outcome measure was a PCR- or antigenic-verified
SARS-CoV-2 infection during the study period (27 February–30
April 2021). The secondary outcome was hospitalization for >12 h
within 14 days of a positive SARS-CoV-2-test.

Statistical analysis

Statistical analyses were performed using Statistical Analysis
Software 9.4 (SAS Institute, Cary, NC, USA). Baseline comparisons of
anish Microbiology Database, where the Danish Departments
f Clinical Microbiology (Voldstedlund et al., 2014) and Statens
erum Institut performed laboratory analysis, registration and
elease of the national SARS-CoV-2 surveillance data for the
resent study.
37
categorical data, as well as a crude comparison on SARS-CoV-2 in
the two groups, were performed using Chi-squared test, where the
expected observations were five or more. When expected
observations were less than five, Fisher’s exact test was performed.
In the case of continuous data, baseline comparisons were
1
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performed using Student’s t-test or a non-parametric test,
depending on the distributions.

The incidence of a positive SARS-CoV-2 test was compared
between cases and controls using an adjusted Cox-proportional
hazard regression analysis. Except for rheumatological disorders
(a common indication for hydroxychloroquine), adjustments were
made for age, sex, admission in the year prior to the study, and
possible confounding diagnoses and pharmaceutical treatments
with prevalence among the study population of �5% (pulmonary
disease, cardiovascular disease, gastrointestinal/metabolic disease,
cancer, methotrexate, systemic corticosteroids, sulfasalazine), as
presented in Table 1.

For sensitivity analysis, a Greedy matched propensity-score
matching with a case/control ratio of 1:3 was performed via SAS
9.4 ‘PROC PSMATCH’. The same variables used for adjustment in
the Cox-proportional hazards regression analysis were used for
matching. Matching was based on the logit of the propensity score
and with a caliper of 0.25, and an extended common support
region was used as per default setting in the SAS procedure.
Subsequently, an unadjusted Cox regression was performed on the
Greedy-matched population.

To investigate the secondary outcome of hospital admissions,
logistic regression analysis was applied, controlling for the
previously mentioned parameters.

To account for differences in healthcare seeking behaviour
among patients, subgroup analysis was performed on the primary
population, using only persons who had a SARS-CoV-2 test
performed in the study period.

Furthermore, an adjusted Cox proportional hazards analysis
was performed on the group of all recipients of hydroxychlor-
oquine in 2019, with adjustment for the previously mentioned
parameters. Model control investigating the proportional hazards
assumption and test for linearity was performed to validate the Cox
proportional hazards regression. If linearity was not fulfilled, the
model was run with the variable converted to ordered categorial

variables based on the median and interquartile range to ensure
the lack of linearity had no effect on the result.

Specific interaction analysis was performed for hydroxychlor-
oquine and systemic corticosteroids, methotrexate and sulfasala-
zine, respectively.

Ethical statement

This study was approved by the Danish Data Protection Agency
(File No. P-2020-537). In Denmark, retrospective use of register
data does not require ethical approval or patient consent. Data
were only available for analyses on closed servers via the Danish
Health Data Authority.

Reporting was carried out in accordance with the STROBE
guidelines (von Elm et al., 2008).

Results

The hydroxychloroquine treatment group consisted of 5488
persons, and these were matched with 54,846 individual non-
treated controls as shown in Figure 1. The baseline characteristics
are presented in Table 1. A total of 2228 persons in the study
population had a positive SARS-CoV-2 test within the study period.
The rate of SARS-CoV-2 test positivity was distributed evenly
between the groups: 188/5488 (3,43%) persons in the hydroxy-
chloroquine group and 2040/54,846 (3.72%) persons in the control
group (P = 0.27). There was a significant, but minor, skewness in the
distribution of persons who had a SARS-CoV-2 test in the study
period: 4506/5488 (82.11%) in the hydroxychloroquine group and
43,186/54,846 (78,74%) in the control group (P � 0.01).

The hydroxychloroquine group had significantly more patients
with a registered diagnosis of pulmonary disease, cardiovascular
disease, gastrointestinal/metabolic disease, renal disease and
dementia. This was not the case for the propensity-matched
population used for the sensitivity analysis. Furthermore, the

Table 1
Baseline characteristics and characteristics after propensity matching.

Baseline characteristics

Entire cohort (n = 60,334) Propensity-matched cohort (n = 14,984)

Hydroxychloroquine Non-hydroxychloroquine Hydroxychloroquine Non-hydroxychloroquine
n = 5488 n = 54,846 n = 4162 n = 10,822

Sex
Female 4369 (79.6%) 43,662 (79.6%) 3411 (82.0%) 8982 (83.0%)

Age
Mean � SD 57.3 � 15.9 57.4 � 15.9 56.2 � 16.6 57.8 � 15.7
Range 9.0–95.0 9.0–95.0 9.0–93.0 11.0–95.0
Median (IQR) 59.0 (47.0–70.0) 59.0 (47.0–70.0) 57.0 (45.0–69.0) 59.0 (48.0–70.0)

Hospitalization in previous 12 months
Yes 1086 (19.8%) 6797 (12.4%) 900 (21.6%) 2070 (19.1%)

Previous diagnosis
Pulmonary disease 675 (12.3%) 2938 (5.4%) 540 (13.0%) 1459 (13.5%)
Cardiovascular disease 657 (12.0%) 4006 (7.3%) 537 (12.9%) 1309 (12.1%)
Gastrointestinal/metabolic disease 443 (8.1%) 2992 (5.5%) 362 (8.7%) 874 (8.1%)
Renal disease 167 (3.0%) 538 (1.0%) 155 (3.7%) 161 (1.5%)
Cancer 353 (6.4%) 3479 (6.3%) 296 (7.1%) 808 (7.5%)
Dementia 35 (0.6%) 520 (0.9%) 26 (0.6%) 106 (1.0%)

Concommitant medicine use

Methotrexate 1393 (25.4%) 451 (0.8%) 490 (11.8%) 451 (4.2%)
Systemic corticosteroids 1769 (32.2%) 3509 (6.4%) 1294 (30.4%) 3374 (31.2%)
Sulfasalazine 1168 (21.3%) 142 (0.3%) 255 (6.1%) 142 (1.3%)
Azathioprine 241 (4.4%) 113 (0.2%) 229 (5.5%) 62 (0.6%)
Leflunomide 2 (<0.1%) 1 (<0.1%) 1 (<0.1%) 0 (0%)

n, number; SD, standard deviation; IQR, interquartile range.
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ydroxychloroquine group had significantly more persons using
ntirheumatic drugs.
An unadjusted Cox proportional hazards regression model

howed no difference in the occurrence of SARS-CoV-2
ositivity between the treated and non-treated groups with

 hazard ratio (HR) of 0.92 [95% confidence interval (CI) 0.79–
.07]. Adjusting for the previously defined comorbidities and
harmaceutical treatments did not alter the result {HR 0.90,
5% CI 0.76–1.07; see Figure 2 [with Table S2 (see online
upplementary material) for the underlying data]}. There was
o difference in ventricular tachycardia (P = 0.37), ventricular
brillation (P = 0.64) or Torsades de Pointes tachycardia (P = 0.58)
etween the two groups.

odel control

Sensitivity analysis

The sensitivity analysis was a propensity-matched cohort in
which the main finding was confirmed: HR 1.01 (95% CI 0.92–1.31).
The baseline characteristics of the propensity-matched cohort are
displayed in Table 1.

Secondary outcome

The secondary outcome of hospital admission within 14 days of
SARS-CoV-2 positivity (Tables S4 and S5 and Figure S1, see online
Supplementary material) was an infrequent event, both in the
hydroxychloroquine group and among controls (n = 175). The
result was neutral, but was limited by a lack of power: odds ratio
1.44 (95% CI 0.78–2.65).

Figure 1. Study flowchart. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
The proportional hazards assumption for the Cox regression
as met. Linearity was not confirmed for age, so this variable was
ested as a categorical variable in four categories, which did not
hange the results (Table S3, see online Supplementary material).
o interaction was found between hydroxychloroquine and either
ystemic corticosteroids, methotrexate or sulfasalazine.
37
Subgroup analyses

The subgroup consisting of all persons tested for SARS-CoV-2 in
the study period also confirmed the primary analysis (HR 0.88, 95%
CI 0.74–1.05) (Table S6 and Figure S2, see online Supplementary
material).
3
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Repeating the primary analysis on the group of recipients of
hydroxychloroquine in 2019 and their controls yielded similar
results with an HR of 0.93 (95% CI 0.80–1.09) (Table S7 and Figure
S3, see online Supplementary material). Due to the nature of the
Danish registries, the study had 100% follow-up on both the
primary and secondary outcomes.

Discussion

The present analysis, based on nationwide data and with
complete follow-up for confirmed SARS-CoV-2 infection, did not
find a beneficial effect of hydroxychloroquine for primary
prophylaxis against infection with SARS-CoV-2.

The result was robust and the signal remained unchanged in a
propensity-matched cohort sensitivity analysis. This was also the
case in the subgroups of all SARS-CoV-2-tested persons and
hydroxychloroquine recipients in 2019. In addition, no prophylac-
tic effect of the drug regarding hospital admission following
confirmed SARS-CoV-2 was found, but the latter analysis was
limited by a lack of power.

A lower incidence of SARS-CoV-2 positivity was observed with
increasing age. This is likely to be a result of the social behaviour of
these groups, especially considering that a higher risk of admission
amongst positive patients was also found to increase with age, as
reported previously (Ioannou et al., 2020; Reilev et al., 2020).

In agreement with these results, three epidemiological studies
did not find any difference in the risk of SARS-CoV-2 between
persons using hydroxychloroquine and others (Gendelman et al.,
2020; Jung et al., 2020; Bae et al., 2021). These studies were,
however, limited by few events in the hydroxychloroquine groups

interesting, the study was limited by a lack of important
information on the subjects (e.g., comorbidities), which, in turn,
could affect social behaviour.

To date, two randomized controlled trials investigating
hydroxychloroquine as primary prophylaxis for COVID-19 have
been performed (Abella et al., 2020; Rajasingham et al., 2020). Both
trials were performed using healthcare workers as subjects. Abella
et al. (2020) investigated a dose of 600 mg daily, which was higher
than the recommended daily dose for rheumatological disorders,
whereas Rajasingham et al. (2020) used two different dosing
regimens with either 400 mg once or twice weekly. Both trials
were terminated prematurely with very few events and are
consequently inconclusive, but do not conflict with the present
results.

Postexposure prophylactic properties of hydroxychloroquine
were investigated by Boulware et al. (2020) and Mitjà et al. (2020)
against COVID-19. Neither of these studies demonstrated any effect
on the occurrence of the disease. The study by Boulware et al. was
limited by a lack of microbiological verification on all subjects and
by using a short-term but high dosing regimen (Boulware et al.,
2020). This was not a limitation in the other study which had PCR-
verified SARS-CoV-2 as an outcome; however, their inclusion
period after contact of up to 7 days may have limited the study
(Mitjà et al., 2020). A recent study investigated the postexposure
prophylactic abilities of hydroxychloroquine against PCR-verified
SARS-CoV-2 infection without the aforementioned limitations, and
reached the same conclusion (Barnabas et al., 2020).

The World Health Organization (WHO) has released a living
guideline on drugs to prevent COVID-19, which makes a strong
recommendation against hydroxychloroquine as prophylaxis

Figure 2. Forest plot showing the variables in the adjusted Cox proportional hazards regression model, depicting hazard ratio (HR) and confidence interval (CI) for severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) positivity on the adjusted variables. Prev., previous.
(n = 3–16) and thus most likely insufficient power. A larger
observational study from Portugal reported decreased risk of
SARS-CoV-2 for people receiving chronic hydroxychloroquine
treatment (Ferreira et al., 2021) by crosslinking their national
databases on drug prescription, obligatory notifiable diseases and a
database containing all SARS-CoV-2 tests performed. Although
374
against COVID-19 (Lamontagne et al., 2021). On the other hand,
Singh et al. recently published a systematic review and meta-
analysis on the prevention and treatment of COVID-19 with
hydroxychloroquine, concluding that there is a need for further
evidence on prevention (Singh et al., 2021). Two pre-print
systematic reviews and meta-analyses on randomized clinical
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rials have investigated hydroxychloroquine as prophylaxis against
OVID-19. The first showed a pooled risk ratio of SARS-CoV-2 of
.86 (95% CI 0.70–1.06) (García-Albéniz et al., 2021). The other
oncluded, on the basis of low-grade evidence, that hydroxy-
hloroquine may have no effect on prophylaxis of SARS-CoV-2
nfection and furthermore no important effect on hospital
dmission (Bartoszko et al., 2021).
Of the randomized controlled trials investigating hydroxy-

hloroquine as prophylaxis, four reported information on admis-
ions (Barnabas et al., 2020; Boulware et al., 2020; Mitjà et al.,
020; Rajasingham et al., 2020). In total, 51 hospitalizations
ccurred across all four studies. Two trials, which were both on
ostexposure prophylaxis, classified admissions based on their
elation to COVID-19. Both had an equal distribution of COVID-19-
elated admissions between the treatment and control arms
Barnabas et al., 2020; Rajasingham et al., 2020).

Thus, despite the strong WHO recommendations, the evidence
n the effect of hydroxychloroquine prophylaxis is insufficient.
hen comparing the above-mentioned results on SARS-CoV-2
ith the present results, the neutral results line up. However, due
o the sparseness of data, a minor benefit of hydroxychloroquine
annot be ruled out. Particularly regarding the effect on hospitali-
ation, the evidence is sparse and limited by few events. However,
he neutral results line up with the present results which, although
imited in power, report no difference in admissions following
ARS-CoV-2.
This study has various strengths. The Danish nationwide and

omplete registries were used, which ensured homogenous and
omplete availability of data in the cohort, and thus there was no
oss to follow-up. These data comprised all confirmed positive
ARS-CoV-2 PCR- and antigen-verified tests performed through all
ublic hospitals and public test centres in Denmark during the
tudy, accounting for nearly all tests performed in Denmark. All
ositive PCR and antigen tests performed in Denmark are required
y law to be reported to Statens Serum Institut. The data also
ncluded all prescriptions collected from pharmacies on the
efined pharmaceuticals, and data on diagnosis registered at all
npatient and outpatient visits to hospitals in Denmark. Addition-
lly, the study was conducted in a country with universal
ealthcare, free testing and without any risk of third-centre
eferral bias. Availability of these data entailed a large cohort
onsisting of all recipients of hydroxychloroquine who had started
he drug before the pandemic emerged in Denmark, and the
umbers of exposed and non-exposed individuals and the number
f events, were in fact, higher than in any other published study.
he size of the cohort makes it more generalizable amongst other
opulations. Furthermore, the Danish registries ensured no loss to
ollow-up as all persons, either admitted or dead, are registered.

Despite the abovementioned strengths, this study also has some
imitations. First, the design of the primary analyses does not take
nto account that differences in behaviour or living conditions of the
roups could exist, illustrated by, for example, the decreased risk of
ARS-CoV-2 in patients with cancer. Using propensity-score
atching for the sensitivity analyses will likely have reduced the
ffect of the two mentioned biases, although this is far from certain.
econd, the availability of testing amongst the population represents
 possible bias, especially at the beginning of the pandemic. A second
ave hit Denmark in the autumn of 2020, when testing possibilities
ereabundant, thusreducingthisbias;dataontheamountof testing
erformed in Denmark are supplied in Table S8 and Figure S4 (see

Patient Registry, sotheeffectof these could not betakeninto account.
Furthermore, data on dosing information were not included,
although it seems fair to assume that treatment followed the Danish
recommended doses of 200–400 mg hydroxychloroquine per day
(Danish Rheumatology Society, 2019). Finally, it seems worth noting
that, although there seemed to be some discrete differences in some
of the baseline variables in the propensity-matched cohort (Table 1),
only the differences in methotrexate and systemic corticosteroids
were of note.

In conclusion, this study did not find any protective effect of
primary prophylaxis with hydroxychloroquine against SARS-CoV-2
infection among pre-existing users of this drug. Rather, very
neutral estimates were seen in both primary and secondary
analyses, as well as the sensitivity analyses. These findings are in
agreement with small, randomized trials of primary and postex-
posure prophylaxis, as well as the WHO guideline on drugs to
prevent COVID-19. Based on this study and the abundance of
neutral data on hydroxychloroquine for COVID-19, this study does
not support the use of hydroxychloroquine for prophylaxis against
SARS-CoV-2.
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